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Abstract Stable carbon isotopes of dissolved inorganic carbon (d 13 C DIC ) in the ocean are generally not well understood as they are governed by a complex interplay of biological processes and air-sea exchange. In the Arctic Ocean, d 13 C DIC values are prone to change in the near future with rapidly changing climate conditions. This study provides a baseline to assess the d 13 C DIC of the Arctic Ocean with a focus on upper to intermediate waters (to *500 m). Measured d 13 C DIC values in the Arctic Ocean range from *-0.6 to ?2.2 %. In the Eurasian Basin, the d 13 C DIC values lie between *1 and 1.5 % and exhibit little variation within the upper layers. In the Canada Basin, d 13 C DIC values reach 2 % in the surface layer, with lowest values of *-0.6 % found at *200 m water depth. At greater depth, d 13 C DIC values range from *1 to 1.5 % within both basins. In the Canada Basin, nutrient levels are higher than in the Eurasian Basin and associated variations in d 13 C DIC are clearly related to biological processes. However, low d
13
C DIC values in the Canada Basin are also strongly influenced by non-equilibrium air-sea exchange processes. The different d 13 C DIC patterns between the Canada Basin and the Eurasian Basin appear to be linked to differences in transport processes within the Arctic Ocean halocline. The upper layers in the Canada basins have direct contributions of waters from the Laptev, East Siberian and Chukchi shelves, which contain elevated fractions of river waters and sea-ice related brines, whereas their counterparts, in the Eurasian Basin, are mostly formed by halocline waters from the Barents and Kara seas. River waters have low d 13 C DIC of *-8 % on average, but in the Arctic basins this signal is mostly lost and d 13 C DIC values show only a weak correlation to river water fractions contained in the water mass. No relation between d
Introduction
Stable carbon isotopes of dissolved inorganic carbon (d 13 C DIC ) in the Arctic Ocean are likely to change in the near future with rapidly changing climate conditions. Climate reconstructions of the recent geological past characterize our climate system under different preconditions and aid to better evaluate the modern climate change and its future projections. For paleoclimate reconstructions, stable isotopes of carbonate shells preserved within the sediments provide a powerful tool (e.g., [46] ). While the factors controlling oxygen isotopes (d 18 O) in carbonate shells in the Arctic are reasonably well understood (e.g., [51] ), this is not the case for stable carbon isotopes (d 13 C). Furthermore, we have only a rudimentary understanding of the complex interplay of biological and physical-chemical factors influencing the d 13 C DIC that is recorded in the d 13 C of carbonate shells (e.g., [27, 43] ). With the ongoing climate change and the accompanying changes in Arctic hydrography as well as biological productivity and communities, it is important to assess and further understand the modern distribution of d 13 C DIC in the Arctic Ocean. We note that the rapid pace of changes in the Arctic system dictates urgency in the baseline assessment of its components.
One of the most pronounced manifestations of the global climate change is the recent dramatic decline of the Arctic summer sea-ice extent (e.g., [16, 47] ). This situation indicates that the Arctic environment is especially sensitive to climate change and that significant further changes may occur in this part of the Earth in the near future as feedback reactions (e.g., [13, 24] ). Under present conditions, Arctic sea ice is mainly produced over the broad continental shelves that cover nearly half of the Arctic Ocean area and, to a large extent, are seasonally free of sea ice (e.g., [29] ). Areas of seasonal ice distribution over the Arctic shelves can also have high biological productivity (e.g., [25, 41] . Alterations in the Arctic sea-ice cycle have a considerable hydrographic impact as changes in sea-ice extent and production affect the formation of brines and contribution of sea-ice melt to the water column (e.g., [8] ) and all these changes may also impact air-sea exchange. Changes in sea-ice seasonality are also likely to have a dramatic effect on Arctic biological production and communities. Some biological aspects of the ongoing Arctic change have already been detected and more are expected to follow (e.g., [5, 21, 45, 50] ).
An additional factor to consider for the evaluation of d 13 C DIC is the emission of anthropogenic CO 2 and the inherent isotopic decline in the atmosphere over the last 150 years (Suess effect). The bias toward lighter d 13 C DIC in surface Arctic waters relative to deep waters, which are not affected by the Suess effect due to longer residence times, has been estimated from a comparison of water column and sediment surface data as *-1 % in the 1990s [7, 28] or somewhat smaller as *-0.7 % from model estimates (A. Schmittner pers. com., 2014). Here, we present data of d 13 C DIC in the water column in the Eurasian and Amerasian basins of the Arctic Ocean from oceanographic summer expeditions taken between 1991 and 2008. In the upper 200 m, the residence time is within about 20 years [49] , in the same range as the sampling period of our dataset. The d 13 C change in the atmosphere during this period was about 0.5 %, with *-8 and -8.5 % in 1990 and 2010, respectively (based on NOAA ESRL GMD monthly data measured at Barrow, Alaska available at http://www.esrl.noaa.gov/gmd/). The difference in oceanic d 13 C DIC is usually smaller compared to the atmosphere and considering the sampling time and upper water residence time may, therefore, be as large as 0.5 % between the datasets and potentially also within the water column. With this potential bias in mind, our data can serve as a baseline for future investigations of changes to be expected with the progression of climate change. Such a baseline is also important for the interpretation of paleo-records from the Arctic region that is widely recognized in its importance for comprehending global paleoclimate processes (e.g., [37] . Beyond a description of d 13 C DIC distribution in the Arctic Ocean, we evaluate the connection of the observed features with biological and transport processes within the Arctic Ocean as well as potential d 13 C DIC sources such as low-d 13 C DIC river water [2, 12, 20] . With the profound impact of climate change on sea ice and brine formation, we specifically address the question, whether sea-ice related processes also affect the distribution of d 13 C DIC in the Arctic Ocean.
Data and methods
Samples were taken on various expeditions between 1991 and 2008 ( Fig. 1 ) and are from published as well as previously unpublished data presented here as part of this study (Table 1) . Precision for d 13 C DIC ranges from ±0.02 to ±0.23 % and is partly not known. Two entire datasets were excluded due to (1) little variation and consistently too low values within deep waters compared to all other datasets and (2) little variation and extremely low values within the upper 500 m that show no relation to variations in nutrient levels. We interpret these circumstances as signs for consistent atmospheric contamination probably acquired during inadequate handling of samples, e.g., bubbleling during sampling procedure.
Calculation of river water and sea-ice meltwater contained within the water column Marine water masses and freshwater fractions in each water sample are estimated using mass balance calculations based on d
18 O and salinity (e.g., [6, 18, 32, 34, 52] ). To distinguish also between Atlantic-and Pacific-derived waters, the ratios of nutrients with different nitrate to phosphate ratios (N/P) may be used [26] . It is assumed that each summer sample is a mixture between Atlantic-derived water (f mar ), Pacific-derived water (f p ), river runoff (f r ), and sea-ice meltwater (f SIM ). Technically f r refers to meteoric water, but as river runoff dominates in the Arctic Ocean we refer to runoff for simplicity. For further details on calculations and the selection of end members, refer to [9] . As N and/or P data needed for this analysis are not available at a number of stations, we also used a reduced 3-component calculation that assumes marine water to be Atlanticderived water only and ignores Pacific-derived waters [6] . This approach may be safely applied, and is even more suitable in areas where Pacific-derived waters are absent such as in most parts of the Eurasian Basin. But in areas where Pacific-derived waters are present, such as in the Canada Basin, a 3-component approach considerably overestimates the river water component. Fractions of seaice meltwater (SIM), on the other hand, are nearly unaffected by different approaches [9] . Therefore, river water fractions were only calculated with the 4-component approach, while SIM fractions were calculated with the 3-component approach allowing for wider data coverage. All fractions are net values in each sample, and reflect the time-integrated effects (i.e., of SIM) on the sample volume over the residence time of the water. Negative SIM fractions (f SIM ) reflect the amount of water removed by sea-ice 15 % for OM08), salinity and hydrochemical measurements, is estimated for each fraction [9] . An additional systematic error depends on the exact choice of end-member values. When end-member values are varied within the estimated uncertainties, both fractions are shifted by up to *1 %, but results are always qualitatively conserved, even when tested with extreme end-member variations (see [9] ).
Results
The d 13 C DIC data compiled from the Arctic Ocean have an overall range between about -0.6 to ?2.2 % ( Table 2) . Deep waters are at *1 to 1.5 % in d 13 C DIC within both basins (Fig. 2) . The d 13 C DIC within the upper layers of the Eurasian Basin is *1 % with a range of 0-1.5 %, and shows a relatively little variation compared to the Canada Basin. In Fram Strait and the adjacent Greenland Sea, d 13 C DIC is predominantly above 1 % and as high as 2.5 % in the upper *30 m (Fig. 2b ). In the Canada Basin, d 13 C DIC values range between -0.6 and 2 % in the upper 200-250 m with strong regional differences (Fig. 2b) . Within low-salinity surface waters, d
13 C DIC reaches up to *2 % at salinities around 29-30 ( Fig. 3) . At higher salinities, d
13 C DIC values decline to *0 % within the Upper Halocline Waters (UHW) at *33.1 salinity and to *-0.5 % within the Lower Halocline Waters (LHW) between *34 and 34.5 salinity (Table 3 ). In the Atlantic layer below *200 m, d
13 C DIC values are consistently between *1 and 1.5 % throughout the Arctic Ocean.
Discussion
The broad Siberian Arctic shelf regions are areas of high biological productivity (e.g., [15, 25, 35, 41] ). Therefore, it is not surprising to find high d 13 C DIC within the shallow subsurface layer, where light d 13 C is incorporated into organic material, and lower d 13 C DIC values in the deeper layers of the halocline, where organic material is re-mineralized. This pattern, typical for productivity and decay of organic material, is clearly seen in d 13 C DIC profiles from the Canada Basin, where low d 13 C DIC values are found between *150 and 250 m (Fig. 4a ) and *33 to *34.5 salinity within UHW and LHW, while relatively higher values are seen near the surface (Fig. 5a ). Low d 13 C DIC values within the halocline layers are also found at the Above 500 m Below 500 m
Given are the averages of all data points above 500 m water depth and below 500 m water depth. The standard deviations are given for the last digit in parenthesis. Also given is the number of measurements n continental slope of the East Siberian Sea and, to a smaller extent, at the Laptev Sea slope (Figs. 4a, 5a ). This distribution suggests that the low d 13 C DIC values in the Amerasian Basin may originate from the shelves of the Chukchi, East Siberian, and Laptev seas. We hypothesize that low d
13 C DIC signals from the Siberian shelves may propagate with the boundary current that transports halocline waters from west to east along the Eurasian continental margin [1, 11, 31] . Surprisingly, the d 13 C DIC pattern related to organic matter cycling appears to be nearly absent in the Eurasian Basin, which poses the question, whether local productivity and decay of low-d 13 To distinguish the influence of biological and non-biotic factors, d
13 C DIC data can be adjusted by their nutrient levels. Phosphate-and nitrate-based adjustments have been Both these globally calibrated equations predict the d 13 C DIC due to the biological activity from the measured nutrient concentrations and subtract the calculated value from the measured d 13 C DIC . For the relation between d 13 C DIC and nutrients, ideal biological processes with constant fractionation and constant Redfield nutrient ratios are assumed based on global or regional averages. Clearly, both corrections are not adjusted to local Arctic conditions, where, e.g., Pacific-and Atlantic-derived waters have different preformed nutrient levels. In our data from the Canada Basin and adjacent shelves, high nutrient levels are mostly related to low d 13 C DIC from re-mineralized organic material, while low nutrient levels are related to high 13 C DIC reflecting nutrients fixed in organic material ( Fig. 6a and b) . In contrast, in the Eurasian Basin, d
13 C DIC remains nearly constant, while the nitrate range is high (Fig. 6b) as biological fixation is probably limited by low phosphate levels (Fig. 6a) . Atlantic-derived waters have relatively low P levels (Fig. 6c) , which may limit biological production in the Eurasian Basin (Fig. 6a) , while N levels remain relatively high ( Fig. 6b ; see blue diamond for Eurasian Basin waters). Pacific-derived waters have on average higher P (Fig. 6c) , but both N and P levels are low for d 13 C DIC values that are high, which reflect the fixation of carbon from the DIC pool in low-d 13 C organic matter ( Fig. 6a, b ; see green triangles for Chukchi Sea and part of Canada Basin data shown by red squares). Due to the phosphate limitation in the Eurasian part of the Arctic Ocean, we have adjusted the d 13 C DIC data for biological processes applying the phosphate-based correction [27] , an approach that also allows us to analyze more of the d 13 C DIC data due to the greater availability of phosphate measurements in our dataset. This result differs from the observations off Oregon, were [33] observed evidence for N-limitation. We will use the term d 13 C as for the adjusted d 13 C DIC data, although this notation implies that all nonbiotic factors are related to air-sea exchange, which is not strictly correct as river water and sea-ice processes may also have an impact.
In the southern Eurasian Basin and in Fram Strait, d 13 C as is relatively constant with values close to -1 % (Figs. 4b,  5b ) similar to North Atlantic values [27] . But in the Canada Basin and at the East Siberian and Chukchi slopes, d
13 C as values show a considerable variation and internal structure within the water column (Figs. 4b, 5b ). In the upper 200 m in the Canada Basin and at 100-150 m at the ESS slope, d
13 C as is relatively high, between -0.5 and 0.5 % (see yellow, orange and red profiles in Fig. 4b ). Under equilibrium conditions, invading atmospheric CO 2 at cold temperatures increases the d 13 C DIC and thus leads to relatively high d 13 C as values [30] . But because the equilibration time between the atmosphere and even a shallow water column is relatively long, there are immediate impacts that lower or increase d 13 C DIC when CO 2 enters or leaves the DIC pool, respectively [27] and thus act initially into opposite direction than equilibrium processes. While chemical equilibrium occurs on timescales of about 1 year, isotopic equilibration takes on the order of 10 years or more for a shallow water column of *50 m (see model calculation in [27] ). As the surface residence time in the Arctic is well below 10 years and considerably shorter on the Arctic shelves [42] , it may be concluded that air-sea processes are far from equilibrium within the entire Arctic Ocean and shelf regions and that invading atmospheric CO 2 will lower d 13 C DIC and d 13 C as values. Nevertheless, part of the d 13 C as variability may also be connected to variations in surface residence time and thus variations in incomplete isotopic equilibration. Therefore, the observed relatively high d 13 C as values may indicate that the invasion of isotopically light atmospheric CO 2 in the upper Canada Basin waters is weaker than in the North Atlantic and Eurasian Basin, which likely arises from the inhibition of air-sea gas equilibration due to the more complete ice coverage in the Canada basin. Considerably, lighter d 13 C as values of *-1.5 % are found at *150 m water depth or bottom depth at the continental slope of the ESS and on the Chukchi shelf (Fig. 4b) . These light d 13 C as values potentially indicate enhanced invasion of light atmospheric CO 2 , likely associated with sinking of near surface water during winter cooling or brine rejection during sea-ice formation.
As an alternative, part of the observed structure in d 13 C as within the water column might be caused by regional deviations in rates of biological processes relative to the global d 13 C-P relationship. For example, d 13 C fractionation may be higher than the assumed global averages in high productivity areas at low temperatures [27] . Therefore, the d 13 C as values may be locally underestimated or overestimated, by the global relationship because the organic matter is formed or remineralized, respectively, with regionally varying biological processes. If that were the case, the relatively high d 13 C as in the upper 200 m of the Canada Basin and at 100-150 m at the ESS slope in comparison to the North Atlantic values may be caused by an underestimation of 13 C fractionation during the production of organic matter or its respiration. Accordingly, low d 13 C as may partly result from an underestimation due to remineralization of organic matter with lower than average d 13 C composition. A comparison of production between different regions is difficult but nonRedfield productivity may be estimated [17] . Away from the sea surface, the quasi-conservative tracers NO [14] ) account for the approximate stoichiometric ratios of nutrient and oxygen during consumption and production or regeneration. A plot of NO/PO versus N/P can provide an indication of differences in nutrient consumption or regeneration that deviates from Redfield ratios [17] . In the Arctic, variations in non-Redfield productivity can be seen between surface waters and halocline layers in comparison to deep waters within our datasets (Fig. 6d) . No relationship between either the N/P ratio or the NO/PO preformed nutrient ratio to variations in d 13 C DIC values is apparent (not shown). While relatively low NO/PO ratios within Pacific-derived waters indicate an enlarged N loss relative to P with slower N recycling relative to P [17] , surface waters from the Eurasian Basin and all other locations show the opposite effect with high NO/PO relative to N/P ratios (Fig. 6d) . Therefore, in addition to differences in fractionation due to different productivity also different non-Redfield behavior may influence our estimates of d 13 C as . With this caveats in mind, the high d 13 C as in the Canada Basin and low d 13 C as at the continental slope of the ESS and on the Chukchi shelf do suggest a possibility of reduced and enhanced air-sea exchange, respectively.
While a large part of the East Siberian Sea is overall an area of CO 2 outgassing due to an excess of pCO 2 derived from the degradation of organic carbon [2] , the eastern part of the East Siberian Sea and the Chukchi Sea is a sink of CO 2 , especially at the end of the ice-free season [4, 36, 44] . This further confirms the notion that low d 13 C as values in these areas likely reflect the invasion of isotopically light atmospheric CO 2 under non-equilibrium conditions on the shelf areas.
The distribution of elevated d 13 C as values of about 0.5 % at *32.5 to 34 salinity near the East Siberian Slope, on the Chukchi shelf and in the Canada Basin (Fig. 5 ) supports our hypothesis that high and low d
13
C as signals may originate from common water masses transported along the Eurasian continental slope and into the Canada Basin.
Oceanographic differences within the Arctic circulation with respect to d
C DIC
Shelf waters in the Eurasian Basin are thought to recirculate in the Gakkel Gyre [23] . This concept is supported by a Ra/Th estimate of shelf water residence ages of at least 8 years, which is much older than *3 years for waters in the Transpolar Drift over the Lomonosov Ridge [39] . This considerably longer residence time of shelf waters may be a factor for the missing variability in d 13 C DIC in the Eurasian Basin due to a stronger degradation of any shelfsourced biological signal in this region.
Halocline waters in the Eurasian Basin are mainly LHW, with a relatively high salinity of *34.5, which are formed by the modification of Atlantic waters over the Barents and northern Kara seas [38] . The southern part of the Eurasian Basin is mainly influenced by Atlanticderived waters, with only minor contributions from rivers. Waters from the large Siberian rivers, including the Ob and the Yenisey rivers, are carried eastward in the southern Kara Sea, but cross the shelf break only in the eastern Laptev Sea and the East Siberian Sea [9, 11] . Shelf waters with a considerable contribution from these rivers as well as sea-ice related brines then spread further eastward within the boundary current [1, 11, 31] into the Canada Basin or along the Lomonosov Ridge in the Transpolar Drift [10] . Due to these low-salinity contributions, halocline waters in the Canada Basin are much fresher than in the Eurasian Basin and UHW is found at *33.1 and is also strongly influenced by Pacific water with high silicate and generally higher nutrient levels (e.g., [3, 10] ).
According to the upper ocean circulation, the low (Fig. 4a, black and yellow crosses) and at the upper slope of the East Siberian Sea at *100-200 m water depth (Fig. 4a, yellow squares and brown triangles) . Stations at the central Laptev Sea slope show a similar pattern, although with a smaller d 13 C DIC depletion of 0.2 % within the water column (Fig. 4a, blue crosses) . Still the depletion is clearly visible relative to d 13 C DIC values in the Eurasian Basin, which are higher on average by 0.5 % (Fig. 4a,  green bars) . Due to the Suess effect, an anthropogenic-induced bias of up to *0.5 % between the upper layers and the observed depletion at *100-200 m water depth may be possible. Therefore, the observed depletion within the Eurasian Basin stations might be solely due to the anthropogenic effect but cannot explain the depletions at the slope of the East Siberian Sea. Overall, this distribution indicates an accumulation of light d 13 C DIC and high d 13 C as along the Siberian continental slope at *100-200 m water depth (Fig. 4) and *33 to 33.5 salinity (Fig. 5) , possibly in connection to Pacific-derived waters and the export of lowsalinity shelf water in the eastern part of the Laptev Sea and the East Siberian Sea [3, 10] .
The pattern with high d 13 C DIC at the surface and low d 13 C DIC at an intermediate depth found in the Canada Basin is typical for biological processes. However, the d 13 C as adjusted for biological effects still shows a similar structure (Fig. 4b) with relatively high d 13 C as values at about 32.5 to 34 salinity (Fig. 5b) . This supports the assumption that both light d 13 C DIC and high d 13 C as values within the Canada Basin are transported in the Arctic Ocean halocline within the shelf-derived, eastward boundary current and may originate on the Laptev, East Siberian and Chukchi shelves and are thus partly influenced by Pacific-derived waters as well as Siberian shelf waters.
In contrast to the Canada Basin, d 13 C DIC and d 13 C as in the Eurasian Basin remain relatively constant. The stratification between the surface, LHW, and Atlantic waters in the southern Eurasian Basin is relatively weak compared to waters flowing off the Laptev, East Siberian and Chukchi shelves into the Canada Basin. We can speculate that CO 2 invasion is much smaller for the Eurasian Basin and adjacent shelve regions or that the structure due to CO 2 invasion is simply lost in the Eurasian Basin due to the reduced stratification on the Barents Sea and northern Kara Sea shelves in comparison to the shelf regions further eastwards.
Influence of river d
13 C DIC and brine enriched waters
Siberian rivers have low d 13 C DIC values of about -8.5 % in the Ob and Yenisey rivers [20] and about -8 % in the Lena River [2, 12, 20] . Therefore, all water masses containing river water may potentially be influenced by low d 13 C DIC from this source. However, a comparison between d 13 C DIC and the fraction of river water (f r ), derived from the 4-component d 18 O and salinity mass balance (see methods), shows little or slight positive correlation (Fig. 7) . Marine waters have higher DIC concentrations compared to meteoric waters, e.g., in the Laptev Sea and, therefore, mixing and potential dilution of d 13 C DIC signals are not linear [19] . As river runoff is an important nutrient source for biological processes in the otherwise nutrient-depleted Arctic, the d 13 C DIC values must be adjusted for biotic factors for a comparison with f r . This comparison shows considerable scatter, but the individual datasets show slight trends toward lower d 13 C as with increasing river influence (Fig. 7b) . Shifts between and within datasets may be caused by strong variations in N/P consumption on the Siberian shelves that are reflected in strong variations in N/P ratios [11] . The applied adjustment for the calculation of d 13 C as may, therefore, only roughly remove the signal of biology in d 13 C DIC . However, the slight trend of d 13 C as decrease with increasing river influence seen within some dataset suggests a minor but genuine remnant signal of low riverine d 13 C DIC that is otherwise largely lost due to dilution.
In addition to runoff, the shallow halocline carries a considerable fraction of shelf waters with brines introduced by sea-ice formation [9] . The signal from melting of seaice may also be transported in the upper halocline, but is usually found at the very surface in the upper 10-20 m of the water column only. We compare d 13 C DIC and d 13 C as with the fraction of sea-ice meltwater (f SIM ), where positive and negative f SIM values correspond to the actual sea-ice melt and sea-ice related brines, respectively (see methods) (Fig. 8) . Overall, a weak trend toward higher d 13 C DIC with increasing meltwater contribution is seen in some datasets. This pattern may be related to the notion that sea-ice meltwater adds nutrients to the water column and, thereby, enables biological production and also adds to the DIC pool [40] . However, there is no indication of an effect of sea-ice formation and thus sea-ice related brines on d 13 C as . High fractions of sea-ice formation are seen in the halocline layers of the Eurasian Basin (Fig. 8 , see Oden 91 data with negative f SIM of up to *-8 %) and the Canada Basin (Fig. 8, 13 C DIC in the UHW and LHW at around 33.1 and 34.5 salinity, respectively, may not only be caused by the decay of organic material, but also by variable air-sea exchange processes under non-equilibrium conditions occurring primarily on the shelves under seasonal sea-ice conditions. Strong outgassing of CO 2 and, thereby, enrichment of d 13 C DIC has been demonstrated for much of the East Siberian Sea [2] , and the resulting high d 13 C DIC signal is transported within the halocline into the Canada Basin. However, the invasion of light atmospheric CO 2 resulting in light d
13
C as values is also traceable along the continental slope and in the Canada Basin at higher salinities.
In the Eurasian Basin, d 13 C DIC values show little variation. While biological productivity over the Barents Sea and northern Kara seas can be high, the signals of production and remineralization with high and low d 13 C DIC , respectively, are apparently not transported into the Eurasian Basin. This may be connected to a weaker stratification in the Eurasian Basin and sufficient degradation of any shelf-sourced biological signal potentially present in this region as shelf waters recirculating in the Eurasian Basin have a relatively long residence time of at least 8 years [39] .
In addition to air-sea interaction, river water, sea-ice meltwater, and sea-ice related brine waters are potentially important non-biotic effects on d 13 C DIC in the Arctic Ocean. But while the extremely low-d 13 C DIC river runoff signal is very prominent on the Siberian shelves [20] , it does not significantly influence the overall d 13 C DIC distribution within the Arctic basins and is only weakly visible-if at all-within the Canada basin. We also find no evidence for any direct influence of sea-ice production on d 13 C DIC . While transport processes within the halocline clearly play an important role in the distribution of d 13 C DIC within the Arctic Ocean, the fractions of river and sea-ice related waters, also transported within the halocline, show no significant effects on the d 13 C DIC . Our data are the first compilation of d 13 C DIC from the Arctic Ocean and are meant to serve as an initial baseline for this region. As Arctic sea ice and related environments are especially sensitive to a rapidly changing climate, Arctic Ocean d 13 C DIC values are prone to change in the near future. While our data show that sea-ice melt and formation processes have no strong direct influence on d 13 C DIC , our data nevertheless suggest that increasing river runoff and changing sea-ice conditions in the Arctic Ocean and on the Arctic shelves may still significantly impact the d 13 C DIC due to the indirect feedback mechanisms associated with changing biological activity and air-sea exchange.
When applied to paleo-climate studies, the presented d 13 C DIC data need to be further evaluated in the context of the surface ocean Suess effect. The sampling period of nearly 20 years adds an increased uncertainty due to a decrease of about -0.5 % in atmospheric d
13 C values across the sampling interval. Within these limitations, our data may serve as a first useful d 13 C DIC baseline due to a total lack of further data from the Arctic Ocean water column. For example, high d 13 C in planktic foraminifers from surface sediments in the Canada Basin [51] may be explained by the import of biologically mediated d 13 C DIC from the shelves, while pronounced low surface-sediment planktic d
13 C along the shelf break of the Chuckchi and Beaufort seas [51] may be related to low d 13 C DIC modified by air-sea exchange. Despite remaining substantial uncertainties with the application of surface-sediment stable isotope data to a more distant past, modern d 13 C DIC and d
18 O data from the water column constitute an essential prerequisite for paleoclimatic reconstructions.
